Quantitative PCR assays. qPCR was performed on a CFX96 Touch™ Real-Time PCR 18
Detection System (Bio Rad Laboratories Inc., Hercules, CA). All amplifications were 19 performed in triplicate with a reaction volume of 25 µL containing 12.5 µL of iQ SYBR 20
Green Supermix (Bio-Rad, Hercules, CA), 200 nmol/L of each primer and 5 µl of the 21 diluted sample. The annealing temperature of the primers was optimized with 22 temperature-gradient qPCR. Thermal cycling conditions, primer sequences and DNA 23 used as the standards for qPCR calibration are listed in Supplementary Table S1 . Two 24 different dilutions (10 -1 and 10 -2 ) of each sample were amplified to validate the 25 quantification by calculating the difference between cycle threshold (Ct) values for each 26
dilution. 27
For standard clone preparation, the PCR amplicons were first cloned into a TOPO 28 cloning vector (pCR 2.1-Topo vector, Invitrogen, Carlsbad, CA) according to the 29 manufacturer's protocol. Plasmids from transformed cells were extracted by the 30
PureYield
TM Plasmid Miniprep System (Promega, Madison, WI). Copy numbers per 31 microliter were calculated from the concentration of extracted plasmid DNA using the 32 known sequences of the vector and inserts. The accuracy of insert DNA was verified by 33 amplification with gene-specific primers as described in Supplementary Table S1 . 34
Standard template DNA was diluted in series and the Ct values for each dilution were 35 plotted against the concentration of each dilution to construct the standard curve. The 16S 36 rRNA gene copy number of anammox, AOB, Nitrospira spp. and general bacteria (EUB), 37 and the beta subunit of nitrite oxidoreductase (NxrB) gene copy number of Nitrobacter 38 spp. was determined for each sample using the respective standard curves. No-template 39 qPCR assay is provided in Supplementary Table S2 . 41 42 16S rRNA gene sequencing. Bacterial 16S rRNA genes were amplified using the fusion 43 primer 341F (5'-Lib-L/A-Key-Barcode-CA Linker-CCTACGGGNGGCWGCAG-3') and 44
The primers used in this study targeted the V3-V4 region of the 16S rRNA gene. A 46 unique 10-bp error-correcting barcode was used to tag each PCR product. PCR was 47 performed using a C1000 Thermal Cycler (Bio-Rad, Hercules, CA) with the following 48 PCR conditions: initial denaturation at 95°C for 5 min, 25 cycles of denaturation at 95°C 49 for 30 s, annealing at 55°C for 30 s, and extension at 72°C for 30 s, and a final extension 50 at 72°C for 5 min. Triplicate PCR products from each sample were pooled and 51 confirmed by gel electrophoresis and then purified using the Qiaquick gel extraction kit 52 (QIAGEN, Valencia, CA) according to the manufacturer's protocol. The concentration 53 of the PCR products was measured on a Qubit® 2.0 Fluorometer using the PicoGreen® 54 dsDNA quantitation assay (Invitrogen, Carlsbad, CA). The purified barcoded amplicons 55 from each sample were then pooled in equimolar concentrations and sequenced on the 56
Ion Torrent PGM genome sequencer using 318 chips (Life Technologies, Carlsbad, CA), 57 according to the manufacturer's instructions. A total of 5,260,877 reads was generated. 58
The sequencing reads were deposited at NCBI Sequence Read Archive (SRA) under 59 project accession number SRX745120. 60 filtered within the PGM software to remove low-quality and polyclonal sequences. All 63 PGM quality filtered data were exported as FastQ files, split into constituent *.fasta and 64 *.qual files and subsequently processed using the Quantitative Insights Into Microbial 65
Ecology (QIIME v1.9.0) pipeline 1 . Raw reads were first trimmed to remove low quality 66 ends from reads using quality trimming in cutadapt v 1.9.1 2 . The end trimmed sequences 67 were demultiplexed to trim the barcodes and primers and then low-quality sequence reads 68 outside the bounds of 200 and 600 bp, all sequences containing ambiguous bases, 69 sequences with 6 homopolymers and sequences with quality scores less than 25 were 70 removed. Sequences were clustered into operational taxonomic units (OTUs) using 71 uclust 3 with a 97% sequence identity threshold. Representative sequences from each 72 OTU were aligned using PyNAST 4 
and the taxonomic identity was assigned by the 73
Greengenes database (release 13.8) using the open reference OTU picking workflow in 74 QIIME. Singletons were removed from the sequences as they can be potential artifacts 75 and our target was the dominant bacterial population. Chimeric sequences were identified 76 and removed from the aligned sequences using Chimera Slayer as implemented in 77 QIIME. To compare all samples at equal sequencing depth, samples were normalized to 78 the minimum number of sequences (i.e., 10,186 reads/sample) by random sampling 79 (without replacement). Further analysis was performed to detect outliers among samples, 80 which were removed from the 16S rRNA dataset using the outlier detection algorithm in 81
PC-ORD with a cutoff of three standard deviations 5 . A total of 71,302 reads 82 encompassing 4,664 OTUs passed the QA/QC steps.
selected amplicons from a sample had already been sequenced, Good's coverage and 85 rarefaction analysis was performed on the resulting OTU Figure S4 Dendrogram clustering the top and bottom biomass based on density (A) and the overall mean density trend plot of the respective samples (B). Density was measured as the mean intensity SD, which is the average of the pixel greyscale levels in the object. Figure S8 A schematic of the operation stages in the laboratory SBR consisting of feeding, reaction period with mixing with 5% CO2 + 95% Argon gas, settling period and decanting period. Figure S8 was created by Samik Bagchi.
